QUESTIONS UNDER STUDY: To (1) assess distinct clusters of psychological distress and health-related quality of life during the first 6 months following lung transplantation; (2) identify patients with poor psychosocial outcomes; and (3) determine potential predictors regarding psychological distress and health-related quality (HRQoL) of life at 6 months post-transplant. METHODS: A total of 40 patients were examined for psychological distress (Symptom Checklist short version-9) and quality of life (EuroQOL five-dimension health-related quality of life questionnaire) during their first 6 months post-transplant. Hierarchical cluster analyses were performed to identify specific types of post-transplant outcomes in terms of psychological distress and HRQoL over the first six post-transplant months. Correlational analyses examined medical and psychosocial predictors of the outcome at 6 months post-transplant. RESULTS: Three distinctive clusters were identified, summarizing either groups of patients with (1) optimal (35%), (2) good (42%), and (3) poor outcome-clusters (23%). The SF-36 Short Form Health Survey latter tended to be older, to suffer from more severe disease, to have more co-morbidities, to have had a prolonged intensive care unit and/or hospital stay, to have more hospital admissions and were more frequently treated with antidepressants post-transplant. Disease severity, length of stay, quality of life two weeks post-transplant, hospital admissions and use of antidepressants were strong predictors of psychological distress and impaired health-related quality of life at six months of follow-up. CONCLUSION: Almost a quarter of the investigated patients suffered from elevated distress and substantially impaired HRQoL, with no improvements over time. Results underscore the psychosocial needs of patients with poor post-transplant outcomes.
Introduction
Lung transplantation is an established therapeutic option for end-stage lung disease, yielding successful outcomes in carefully selected patients characterised by reduced disability, extended survival and improved health-related quality of life (HRQoL) [1] [2] [3] . To date, more than 47 000 adult lung transplants have been reported worldwide to the Registry of the International Society for Heart and Lung Transplantation (ISHLT) [4] , while in Switzerland more than 700 lung transplants have been performed since 1992 [5] . During the last 20 years, overall patient survival has progressively improved. From January 2000 to December 2011, a total of 240 lung transplants were performed at the Zurich University Hospital with one-, three-, and five-year survival rates of 87%, 75% and 69%, respectively, comparable to results of international high-volume programmes [6] . In Switzerland, there are two transplant centres performing lung transplantations (University Hospital of Zurich and University Hospital of Lausanne). The annual number of lung transplantations in 2014 was 24 at the transplant centre in Lausanne and 34 in Zurich [7] . To date, studies on psychosocial outcomes following transplantation have primarily compared the post-operative HRQoL trajectories of different types of solid organ transplantation [8] [9] [10] . In these studies, recipients of different solid organ transplants did not share the same HRQoL trajectories. In particular, the HRQoL outcomes of lung transplant recipients appeared to be inferior to those receiving other solid organs [9, 11] . Interestingly, most studies looked at the entire group, and did not distinguish between patients with improved postoperative HRQoL and patients with similar or worse quality of life compared with their pretransplant scores. Understanding the predictive impact of psychosocial and medical variables on post-operative HRQoL could be useful when making choices regarding therapy. Although previous research has identified associations between psychosocial and medical characteristics and post-transplant HRQoL, the predictors of post-transplant HRQoL are still not well described for lung transplant patients. There is a paucity of consistent data regarding predictive factors for post-transplant HRQoL [12] . In general, studies on predictors of post-transplant HRQoL in lung recipients demonstrate that bronchiolitis obliterans syndrome, the most common form of chronic lung allograft dysfunction, the adverse effects of immunosuppressant medications, and pain significantly reduce HRQoL and increase depressive symptoms [13] [14] [15] . In contrast, results on other potential outcome predictors -including age, gender, psychiatric history, longer waiting times for transplantation and forced expiratory volume in one second (FEV1) -have been contradictory and supported only by single studies [1, [16] [17] [18] . In light of the above, it is of clinical relevance to assess the psychosocial health of lung transplant patients to identify those at risk for unfavourable postoperative outcomes and to make more informed therapeutic choices to enhance patients' symptom experience. The main objectives of the current study were therefore: (1) to determine outcome clusters of post-transplant psychological distress and HRQoL of lung transplant recipients over the first 6 months after lung transplantation; (2) to identify those lung recipients with poor postoperative outcomes; and (3) to assess potential short-term predictors and their impact upon psychological distress and HRQoL. This subject has clinical relevance with respect to the treatment of patients who undergo lung transplantation but fail to experience any improved quality of life.
Methods

Participants
Between January 2012 and April 2014, 72 lung transplants were performed at the Transplant Centre at the University Hospital of Zurich, Switzerland. All patients who received transplants over this time period were considered to be eligible for inclusion, unless they were: (1) younger than 18 years of age, (2) unable or unwilling to provide informed consent, or (3) unable or unwilling to complete questionnaires in German. Forty-three consecutive adult lung transplant recipients qualified for the study. During data collection, three subjects in total unexpectedly withdrew from participation for medical or personal reasons (e.g., feeling overwhelmed by hospital routines and preparations for discharge, distressed, overly-tired, and/or short of time). One of these three patients had to be excluded owing to a critical health condition and repeated hospitalisations in the intensive care unit (ICU). The final sample included 40 patients ( fig. 1 ).
Design and procedures
In this prospective, longitudinal study, 40 lung transplant recipients were examined at three different measurement time-points (T1: 2 weeks; T2: 3 months; T3: 6 months after transplantation) to capture specific types of outcome clusters in terms of psychological distress and HRQoL over the first 6 postoperative months. Following approval by the Ethics Committee of the Canton of Zurich, Switzerland, all patients provided written informed consent prior to their participation. Eligible patients were asked to complete the same battery of questionnaires at every data collection point. The initial assessment at T1 was performed during hospitalisation, and the follow-up assessments at T2 and T3 typically were conducted during regular transplant clinic out-patient visits at the University Hospital Zurich. Few patients were still hospitalised or admitted to hospital because of complications at T2 or T3. Demographic and medical data were retrieved from patient medical records. Medical data included the underlying diagnosis/indication for transplantation, the presence of comorbid conditions, the time on the waiting list, the number of days spent in the ICU after transplantation, the length of hospital stay (LOS), treatment with antidepressants, and the mortality rate over the course of the data collection phase. 
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Measures
The Symptom Checklist (SCL-K-9)
The German version of the Symptom Checklist-Short form (SCL-K-9) was used to assess overall psychological distress [19] . The SCL-K-9 [20] is comprised of nine items, each rated on a five-point Likert scale ranging from 0 (not at all) to 4 (very strong). According to the original global severity index, a mean score (0-4) for the nine items was computed, with higher values indicating greater distress (the community-based standard value = 0.41). The SCL-K-9 is highly correlated with the original SCL-90-R [21] and offers similarly good psychometric properties and sensitivity to change, with a Cronbach's alpha of 0.87. In our clinical sample, internal consistency of the SCL-K-9 over the three measurement points was good, with Cronbach's alpha ranging from 0.75 to 0.84.
EuroQuol (EQ-5D)
All study subjects completed the EQ-5D, a five-item selfadministered survey instrument that measures HRQoL [22, 23] . The questionnaire covers five dimensions of health: (1) mobility, (2) self-care, (3) usual activities, (4) pain/discomfort, and (5) anxiety/depression. For each dimension, patients selected one of three graded responses, indicating no problems, some problems, or severe problems with the activity. A single global EQ-5D score (range 0-100) was generated by use of the sum model as describe by Hinz et al. [23] (community-based standard value = 91.7). The EQ-5D is used in studies to assess psychotherapeutic treatment, where it has been shown to be valid, sensitive to change, and responsive to improvements in mental health. In the current study, the EQ-5D demonstrated acceptable to good internal consistency over the three data collection points, with Cronbach's alpha ranging between 0.60 and 0.76. The lower level of internal consistency observed across the different outcome measures might be explained by the high level of homogeneity in our clinical sample. Additionally, we used a pretransplant comorbidity index developed by Barrios et al. [24] , consisting of ten extrapulmonary comorbidities that may have negatively impacted short-and long-term postoperative trajectories. This comorbidity index included the following factors: (1) body mass index >30 kg/m 2 , (2) osteoporosis, (3) insulin-dependent diabetes, (4) arterial hypertension, (5) cardiac disease, (6) chronic liver disease, (7) diverticulosis, (8) gastroesophageal reflux, (9) history of malignancy, and (10) psychiatric disorders. The comorbidity index was computed by summing up the number of comorbidities for each patient. Values between 0 and 10 were possible.
Statistical analysis
The Statistical Package for the Social Sciences (SPSS, version 22.0) was used to perform all statistical analyses, with a two-tailed probability value of 0.05 considered statistically significant [25] . Descriptive statistics were reported as means and standard deviations, or as counts and percentages. Hierarchical cluster analysis was performed to identify different post-transplant outcome clusters related to psychological distress and HRQoL over the first 6 postoperative months based on six variables (SCL-K-9 global severity index and EQ-5D score measured at T1, T2 and T3). All these variables were standardised prior to clustering. Squared Euclidean distance as a proximity measure and Ward's minimum variance agglomerative method were used [26] . The clustering process starts with the same number of clusters as cases, and reduces the number of clusters step-wise using dissimilarities or distances between objects, that is, combining those clusters whose combination results in a minimum increase in the total within-group sum of squares. If a point is reached whereby clusters are combined that are dissimilar, the within-group sum of squares noticeably increases (as can be seen in the agglomeration schedule). The number of clusters prior to this rapid increase in the agglomeration coefficient is considered the natural grouping scheme [27] . However, it must be taken into account that this analysis was exploratory in nature, and that the choice of the number of a cluster to extract is somewhat arbitrary. Patients' characteristics were compared between the cluster groups using one-way analysis of variance (ANOVA), with Bonferroni post hoc test to identify statistically significant differences between specific cluster groups. Moreover, to generate some appreciation regarding the clinical significance of our results, effect sizes (Eta 2 for interval scalded variables and Cramer's V for categorical variables) were computed according to Cohen [28] . Values for Eta 2 are categorised as small (0.01), intermediate (0.06), or large (0.14) while for Cramer's V, a value of 0.1 is considered a small effect, 0.3 a medium effect and 0.5 a large effect. Pearson correlation coefficients were calculated to identify relevant predictor variables of psychological distress (SCL-K-9) and HRQoL (EQ-5D) 6 months post-transplant.
Results
Demographic characteristics
Detailed patient demographics and clinical characteristics are summarised in table 1. The main indication for lung transplantation in our clinical sample was chronic obstructive pulmonary disease (38%), followed by cystic fibrosis (33%). With respect to employment status, 45% were not working prior to transplant for health reasons, while 20% were already retired. Six months after transplantation, all 40 patients were still alive.
Cluster analysis
The agglomeration coefficients generated by cluster analysis revealed a demarcation point between three-and fourcluster solutions, suggesting that a four-cluster solution best distinguished the groups with regard to post-transplant psychological distress and HRQoL. However, a fourcluster solution produced one cluster with only two patients. For statistical reasons, we therefore decided on a three-cluster solution. An inspection of the clustering tree (dendrogram) indicated a three-cluster solution to be appropriate. The resultant three-cluster solution generated relatively well-sized groups related to psychological distress and HRQoL over T1 -T3, labelled according to their most distinguishing characteristics ( fig. 2 ). Cluster characteristics
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Swiss Med Wkly. 2015;145:w14236 are displayed in table 2. Cluster A included those patients with optimal postoperative outcomes over time (n = 17; 42%) in terms of a high EQ-5D and low SCL-K-9 scores within 2 weeks of surgery. EQ-5D further improved over the three data collection points and SCL-K-9 decreased progressively. At 6 months post-transplant, these patients reported HRQoL levels comparable to those of a community-based sample (EQ-5D value of 91.7) [23] and small but not significantly elevated SCL-K-9-values. Cluster B included transplant recipients with good postoperative outcomes over time (n = 14; 35%). In contrast to Cluster A, patients of Cluster B were characterised by considerably reduced EQ-5D and high SCL-K-9 scores 2 weeks after surgery, but significant improvements in EQ-5D and SCL-K-9 at 6 months. EQ-5D-values at 6
Figure 2
Post-transplant outcome clusters in lung transplant recipients. Plots A-C illustrate postoperative outcome clusters after lung transplant determined by cluster analysis. The left y-axis represents mean values for EQ-5D, while the right y-axis represents mean values for global SLK-9 values. Higher values indicate higher EQ-5D or poorer SCL-K-9 values, respectively. T1-T3 stand for the three different measurement time points (T1: 2 weeks; T2: 3 months; T3: 6 months post-transplant). EQ-5D = the EuroQOL five-dimension Health-Related Quality of Life questionnaire; SCL-K-9 =Symptom Checklist short version-9 months of follow-up were slightly lower than those of the healthy normal population. Cluster C incorporated transplant recipients with poor post-operative outcomes over time (n = 9; 23%), with both a low EQ-5D and high SCL-K-9 score 2 weeks after transplantation, and only a small gain in EQ-5D while SCL-K-9 scores remained steadily elevated over the remainder of the first 6 months of followup.
Predictor analyses of post-transplant trajectory
For predictor analyses to distinguish the three groups of clusters, the following demographic, clinical and psychosocial characteristics were included: sex, age, underlying diagnosis, disease severity, time on the waiting list, extracorporeal membrane oxygenation (ECMO) use (pretransplant), comorbidities, number of days in the intensive care unit (ICU), length of stay (LOS), number of hospitalisations, number of infections, number of rejections and use of antidepressants within the first 6 months after lung transplant (table 3) . The median comorbidity index value across the 40 patients was two and ranged between none and four comorbidities. Thirty-five percent of the transplant recipients suffered from three or more comorbidities. Significant intergroup differences were identified for LOS (Eta 2 = 0.53), number of hospital admissions (Eta 2 = 0.23) and use of antidepressants (Cramer's V = 0.53) within the first 6 months after lung transplant, with large effect sizes. No significant cluster differences were evident for all other investigated variables. However, medium to large effect sizes were found for age (Eta 2 = 0.07), disease severity (Eta 2 = 0.13), comorbidities (Eta 2 = 0.06), and number of days in ICU (Eta 2 = 0.08), indicating that relative to patients of the optimal or good cluster groups, those with poor postoperative outcomes tended to be older, to suffer from considerably more severe disease, to have more comorbid conditions, and to have spent longer periods of time in the ICU and hospital. No meaningful intercluster differences were identified for patient gender, underlying diagnosis, time on COPD = chronic obstructive pulmonary disease; ECMO = extracorporeal membrane oxygenation; ICU = intensive care unit; LTx = lung transplantation; pLTx = posttransplant.
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Swiss Med Wkly. 2015;145:w14236 waiting list, ECMO use prior to transplantation, or number of infections or rejections post-transplant. Table 4 presents the results of correlation analyses used to identify associations between each potential outcome predictor and both the level of psychological distress (SCL-K-9) and HRQoL score (EQ-5D) 6 months post-transplant. Significant associations with the SCL-K-9 score at T3 were evident for disease severity (r = 0.39; p = 0.001); length of hospital stay (r = 0.44; p = 0.005), the EQ-5D score at T1 (r = 
Predictor analyses for psychological distress and HRQoL 6 months post-transplant
-
Discussion
In this study, a hierarchical cluster analysis was performed -so as to identify distinctive post-transplant sub-groups related to psychological distress and HRQoL over those first 6 postoperative months. Our data revealed a three-cluster solution, distinguishing transplant recipients manifesting optimal, good and poor postoperative clusters. Transplant recipients of the optimal postoperative cluster (42%) reported surprisingly high HRQoL levels and notably low levels of psychological distress shortly after transplantation, and by 6 months post-transplant, their reported HRQoL and stress levels were similar to healthy population values. Patients in the good cluster (35%) experienced impaired HRQoL and elevated stress levels 2 weeks after transplantation, but by 3 months follow-up reported significantly increased HRQoL and significantly reduced psychological distress. This group of patients benefitted most from lung transplant surgery by demonstrating substantial improvements in HRQoL dimensions and levels of psychological distress over the first 6 months after transplantation compared with the other two cluster groups. Importantly to note, almost a quarter of our clinical sample (23%) showed poor postoperative outcomes over time, suffering from elevated stress levels that continued to remain high over the first 6 months post-transplant, and experiencing only slightly increased HRQoL that remained low throughout the six-month observation period. Most investigations on psychosocial outcomes after lung transplantation have focused on the average value of HRQoL and did not distinguish between favourable and poor postoperative outcome. However, lung transplant recipients are a heterogeneous group of patients and do not necessarily experience the same improvements in health status. The use of cluster analyses instead of considering only outcomes at discrete measurement time points is beneficial for identifying patients who did not experience significant improvements of postoperative HRQoL. Our results indicate that lung transplant recipients respond in different ways to their surgery and that quality of life gain after transplantation varies greatly from patient to patient. The majority of patients appear to cope very well, while others seem to struggle postoperatively. For many patients, the transplantation itself, as well as the ICU stay, might be perceived as a traumatic stressor that can decrease HRQoL and trigger mental distress [29] . Additionally, the rehabilitation period can vary greatly from patient to patient. A lung recipient's own history of lung disease plus enduring functional impairments and symptom distress post-transplant may negatively affect the patient's HRQoL perception [30] . Furthermore, the concept of resilience might explain at least some of the different responses to transplantation. For instance, previous studies in transplant medicine illustrated that a high degree of resilience and self-efficacy [31] as well as Table 2 : Cluster characteristics.
Optimal cluster (A) n = 17 (42%)
Good cluster (B) n = 14 (35%)
Poor cluster (C) n = 9 (23%) Between groups
Time-point instrument
Mean ( social support [32, 33] , are essential to coping successfully with the transplant experience. As a second analytical step, we sought to identify differences between the cluster groups and thereby detect those with poor post-transplant trajectories. Our patients with poor postoperative HRQoL generally were older, were more likely to suffer from more severe disease, had more comorbid conditions, were more likely to have had prolonged ICU and hospital stays, had more hospital admissions after transplantation and were more frequently treated Higher values indicate higher disease severity. 1 = patients with progressive lung diseases, some required oxygen therapy but predominantly treated as out-patients; 2 = patients with progressive lung disease and oxygen therapy in bad health condition, partly treated as out-patients and partly transferred to inpatient hospital care; 3 = patients with progressive lung disease in extremely critical health conditions (ICU, ECMO use; intubation, decarboxylation device). Statistical significance: p <0.05. 
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Swiss Med Wkly. 2015;145:w14236 with antidepressants. Previous studies have suggested a negative impact of comorbidities on HRQoL after lung transplant [13, 16] . Our results are consistent with these findings, indicating that clinical complications (e.g., greater disease severity, a higher number of comorbidities, and longer hospital stays) are associated with progressive quality of life deterioration over the early post-transplant period. With regards to demographic variables, in the psychosocial transplant literature reduced HRQoL-gains have been commonly described in older lung transplant recipients, presumably because older patients have less energy and reserves to cope with the taxing post-operative period than those who are younger [14, 34] . On the other hand, researchers have reported significant gender differences in overall HRQoL, reflecting better outcomes in men [15, 35] ; notwithstanding, we did not observe this in the current study. Lastly, we explored potential predictors of psychological distress and poor HRQoL 6 months after transplantation. In particular, disease severity, the number of days spent in the ICU and hospital, self-reported HRQoL 2 weeks post-transplant, number of post-transplant hospital admissions as well as use of antidepressants predicted impaired HRQoL at 6 months of follow-up. Meanwhile, disease severity, length of hospital stay, self-reported HRQoL 2 weeks post-transplant, number of hospital admissions, and use of antidepressants significantly predicted levels of psychological distress at 6 months. Age, gender, time on the waiting list, preoperative ECMO use, the number of comorbid conditions, number of infections or rejections failed to predict 6-month levels of psychological distress or HRQoL. Our findings are similar to those of an earlier cross-sectional cohort study investigating HRQoL determinants among patients between 1 and 5 years since their lung transplant, suggesting that lung disease and events leading to hospitalisation negatively affect most of the SF-36 (Short Form Health Survey) domains, whereas other variables like age, gender and FEV1 exert little to no influence on HRQoL [34] . Taken together, almost a quarter of the investigated patients suffered from elevated distress and substantially impaired quality of life, with no considerable improvements over time. This result is of high clinical importance, given that elevated psychological distress and impaired HRQoL in the early postoperative phase can have a persistent negative impact upon long-term mental health and HRQoL [36] . Furthermore, a growing body of literature suggests that early post-transplant depression and psychological distress significantly increase the risk for long-term transplant-related morbidity and mortality [37] [38] [39] . Thus, the precocious identification of transplant recipients with clinically significant distress and impaired HRQoL is critical to initiate pharmacological and psychotherapeutic interventions for these patients in order to reduce their symptom experience.
Study strengths and limitations
Strengths of the current study include our investigation of a lung transplant population treated exclusively by the transplant centre using a prospective, longitudinal study design, as well the use of a rigorous statistical methodology to identify distinct cluster groups, and the utilisation of validated outcome measures with well-known psychometric properties. Potential limitations include the relatively small study sample. Because of the small sample, our results lack statistical power, meaning that the results of our cluster analyses were presented only descriptively. Moreover, we surveyed lung transplant recipients over a relatively short period of time (only 6 months). The follow-up of lung transplant recipients over several years would add further insights into the development of post-transplant psychosocial trajectories and outcome predictors. Although our findings should be interpreted with caution owing to these limitations, we believe that our study provides realistic and valid predictors for early post-operative psychosocial outcomes.
Conclusions
The assessment of post-transplant psychological distress and HRQoL in terms of cluster analyses instead of considering only outcomes at discrete time points is beneficial in identifying patients who experience no significant postoperative improvement in HRQoL. Psychosocial care of transplant recipients who suffer from emotional distress and impaired HRQoL is critical to maximizing recovery and outcomes. Additional longitudinal research with larger samples remains necessary to clarify the long-term posttransplant outcomes of these patients and to identify other potentially important outcome predictors.
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Figure 2
Post-transplant outcome clusters in lung transplant recipients. Plots A-C illustrate postoperative outcome clusters after lung transplant determined by cluster analysis. The left y-axis represents mean values for EQ-5D, while the right y-axis represents mean values for global SLK-9 values. Higher values indicate higher EQ-5D or poorer SCL-K-9 values, respectively. T1-T3 stand for the three different measurement time points (T1: 2 weeks; T2: 3 months; T3: 6 months post-transplant). EQ-5D = the EuroQOL five-dimension Health-Related Quality of Life questionnaire; SCL-K-9 =Symptom Checklist short version-9
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